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INTRODUCTION 
NARMADA BASIN 
The Cretaceous sedimentary rocks informally 
designated as 'Bagh beds' and 'Lametas' occur in the 
form of a series of detached outcrops along the 
Narmada valley for about 350 kms from near Barwaha in 
the east to Rajpipla in the west (Fig. 1). All the 
outcrops, except the one near Rajpipla occur north 
of the Narmada river. The Narmada basin owes its 
origin to a narrow rift valley along the Narmada geo-
fracture. Towards the west the basin opens out and 
outcrops of the Cretaceous sedimentary rocks occur 
as far north of the Narmada river as Himatnagar. The 
type area of these rocks is the area around Bagh town 
in Dhar district of Madhya Pradesh. Equally good 
exposures of the rocks are seen in the vicinity of 
Zeerabad, 48 kms ENE of Bagh. 
The Cretaceous sedimentary sequence is thin 
and rests over the Precambrian basement with a pro-
nounced unconformity. Over a large area the sedi-
mentary sequence is covered by traps. The outcrops 
occur as inliers, where traps are completely eroded 
away. 

LOCATION OF THE STUDY AREA 
The study area located around Zeerabad 
village, lies in Manawar Tehsil of Dhar district 
in Madhya Pradesh. It forms a part of the area 
covered by Survey of India toposheet No. 46 N/3 of 
1 : 50,000 scale. The study area covers 140 sq. km. 
and lies between 22°19' and 22°27' latitudes and 
75°3' and 75°8' longitudes. Zeerabad, located on 
the Indore-Dhar-Bagh road, can be reached by bus or 
other road transport from the nearest rail head of 
Indore, 120 km towards ENE. 
AIM Aim SCOPE OF THE STUDY 
The present study forms a part of facies 
studies of Cretaceous sediments in the lower Narmada 
basin. The microfacies analysis of the Bagh forma-
tion in the area around Zeerabad is based on sedi-
mentological, stratigraphical and paleontological 
data collected during field work and laboratory work. 
Field work in the lower Narmada basin was carried out 
during two field seasons in the months of January and 
February, 1986 and December and January, 1986-87. The 
geological map of the Man Valley published by Roy 
Chowdhury and Sastry (1962) was used as the base map 
(Fig. 2). 
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During the field work, four well exposed 
lithostratigraphic sections were measured and in-
formation on lithology, bedding types and sedimen-
tary structures was collected. Moreover, strati-
graphic information, such as nature of contacts bet-
ween the various lithologic units and their thicknesses 
etc. were also recorded. Representative samples 
were collected from different lithologic units at 
an average interval of 1 m. A total of 29 thin sec-
tions of limestones were made from the collected 
samples. The thin sections were stained with Alizarin 
Red S to differentiate calcite and dolomite. A 
detailed study of textural constituents of the lime-
stones was made. The textural data provided the main 
basis for identification of the various microfacies. 
The microfacies of the study area were compared with 
the standard microfacies types described by Wilson 
(1975). 
Finally the petrographic data was integrated 
with the field data, and their vertical and lateral 
variations were employed to construct a depositional 
model for the Bagh Formation. 
CHAPTER I 
6FQL0GICAL SETTING 
HISTORICAL REVIEW 
Dangerfield (1818) was the first to publish 
a brief description of the geology of the Bagh area. 
Later studies by Stewart (1821), Impey (1856) and 
Oldham (1858) provided knowledge about the broad frame-
work of lithostratigraphy and paleontology of these 
rocks and their ages. 
A detailed study of the geology of lower 
Narbada valley was first made by Blanford (1869), who 
also published a map of the area on the scale 1" to 
8 miles. Blanford gave a lithostratigraphic classi-
fication of the Bagh beds and assigned them Aptian 
to Cenomanian age. Blanford included the Bagh beds 
with the Mahadeva rocks. 
Bose (1884) resurveyed the area and modified 
the lithostratigraphic classification and nomenclature 
of the Bagh beds, designating the basal arenaceous 
sequence as the Nimar Sandstone and adding Lameta rocks 
to the top of the sequence. Bose assigned Albian 
to Cenomanian age to the Bagh beds and correlated them 
with the Cretaceous sedimentary sequence of South 
India. 
: 6 : 
Several workers studied the paleontological 
aspects of the rocks and assigned them different ages 
ranging from Aptian to Maestrichtian (Vredenberg, 
1907; Fermor, 1935; Rode and Chiplonkar, 1935; Mukherjee, 
1938; Singh, 1950; Jain, 1961; Murty et al., 1963; 
Sahni and Jain, 1966; Ghose and Pal, 1968; Verma, 1968; 
Pal, 1968, 1970; Chiplonkar, 1942, 1970, 1974; Dassaram 
and Sinha, 1975; Sharma, 1976; Chiplonkar and Badve, 
1968, 1972, 1976; Chiplonkar et al., 1977). 
A detailed description and map of the Creata-
ceous sedimentary rocks of the Man river section of 
the Narmada valley was published by Roy Chowdhury and 
Sastry (1962). 
Recently, Raiverman (1975) on the basis of 
sedimentological studies considered Nimar, Bagh and 
Lameta rocks as facies variants which were deposited 
in varied environments like alluvial flats, coastal 
marsh and beach, supratidal and intertidal flats and 
subtidal shelf. 
Singh and Dayal (1979) studied the trace 
fossils and environment of deposition of the Nimar 
Sandstone. Singh and Srivastava (1981) gave a revised 
lithostratigraphic succession of Bagh beds and studied 
their environment of deposition and correlated them 
with the Lameta beds. 
: 8 : 
Oil and Natural Gas Commission have made 
geological studies of the Cretaceous sedimentary 
rocks in the Narmada basin and their work has been 
summarised by Biswas and Deshpande (1983). The 
stratigraphic succession based on the Commission's 
work is given in Table 1. 
Table 1 : Generalized stratigraphic sequence in 
the Narmada Valley 
Recent to Alluvial laterite 
Sub Recent and gravels 
-Unconformity-
Upper Cretaceous Deccan Trap Forma-
to Paleocene tion 
• Unconformity 
Upper Cretaceous Bagh Group Lameta Formation 
(Navagaon in wes- Coralline Limestone 
tern part) M j i T • 
Nodular Limestone 
Lower Cretaceous Nimar Group Uchad/Umarali 
(Songir in wes- Flagstone 
tern part) Nimar Sandstone 
(Songir/Himatnagar 
in western part) 
Unconformity 
Pre-Cambrian Basement 
GEOLOGY OF THE MAN VALLEY 
A detailed description of the geology of 
the study area was given by Roy Chowdhury and Sastry 
(1962). The Cretaceous sedimentary rocks rest over 
an irregular Precambrian basement with a marked un-
conformity. The Precambrian basement comprises mostly 
granites and gneisses which have been penetrated at 
many places by dolerite dykes. The basement rocks 
generally strike E-W and dip steeply towards N. 
The total thickness of the Bagh beds in the 
area is generally less than 30 m. The lithostrati-
graphic sequence of Bagh beds of the study area is 
given in Table 2. 
The Nimar Sandstone is best developed in the 
southern part of the area where it is 8-10 m thick 
and gradually thins out towards N. In the northern part 
of the area, it is completely missing as a result of 
which the Nodular Limestone rests directly on the 
basement rocks. The Nimar Sandstone Formation con-
sists of generally friable conglomerates, grits, 
sandstones and shales of varying colours. The pebbles 
of conglomerates are subrounded and consist of quartz, 
jasper and ferruginous quartzite. The Nimar Sandstone 
is exposed over a large area on either side of the 
Sukkar river around Baria, Ghursul and Dhanora. Along 
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the Man river, it is exposed near Sitapuri. 
The Nimar Sandstone shows excellent develop-
ment of sedimentary structures, such as current 
ripples, rhomboid ripples, climbing ripples, small 
and large scale cross bedding, flame structure, 
lenticular-and flaser-bedding and channels. 
Blanford (1869) and Bose (1884) considered 
the Nimar Sandstone to be representing esturine/fresh 
water deposits. On the basis of plant fossils, Murty 
et al. (1963) suggested fresh water environment of 
deposition for the formation. Guha and Ghosh (1970) 
on the basis of sedimentological studies interpreted 
them as marine deposits. Chiplonkar and Ghare (1974) 
and Badve and Ghare (1977) on the basis of presence 
of oyster beds and trace fossils suggested fluvial 
depositional environment with three to four marine 
interphases. Raiverman (1975) on the basis of sedi-
mentological and facies variation studies suggested 
both fresh water and marine environments. 
Singh and Ghose (1977), Singh and Dayal (1979), 
Singh and Srivastava (1981) on the basis of paleon-
tological and sedimentological studies suggested that 
the lower part of the Nimar Sandstone is of fresh 
water origin, while the upper part is marine. 
12 
The Bagh Formation lies conformably above 
the Nimar Sandstone Formation in the study area. The 
lower member of the Bagh Formation is Nodular Lime-
stone. The Nodular Limestone consists of mainly 
white/cream wackestones with very thin shaly partings. 
It is the most persistent member of the Narbada 
Group and 7-9 m thick. In northern part of the study 
area it rests directly on granite-gneisses because 
the Nimar Sandstone is absent here. Roy Chowdhury 
and Sastry (1962) thought that nodular appearance 
of this limestone is due to the presence of closely 
spaced jointing combined with action of weathering. 
Singh and Srivastava (1981) attributed the nodular 
character to the presence of Thallessenoides and 
other burrows. Fossils in Nodular Limestone include 
ammonoides, calcispheres, echinoderms, molluscs, 
brachiopods.ostracods and smaller foraminifers. Many 
authors strongly supported the view that Deola/ 
Chirakhan marl is a distinct lithological unit in 
between the Nodular Limestone and Coralline Limestone 
(Bose, 1884; Rode and Chiplonkar, 1935; Murty et al., 
1963; Sahni and Jain, 1966; Sharma, 1976; Singh and 
Dayal, 1979; Singh and Srivastava, 1981). While 
others (Roy Chowdhury and Sastry, 1962; Verma, 1968; 
Dassaram and Sinha, 1975) did not consider the 
Chirakhan marl as a separate lithounit and believed 
13 
it to represent the weathered portion of either 
overlying Coralline Limestone or underlying Nodular 
Limestone. 
The Coralline Limestone constitutes the 
upper member of the Bagh Formation and has a thick-
ness of 1-6 m. The thickness of Coralline Limestone 
decreases towards S. It is reddish to yellowish 
brown in colour. In eastern part of the area near 
Zeerabad village, Phooti Baori and Deora the Coralline 
Limestone splits up into two bands. Rode and 
Chiplonkar (1935) recognised them as lower and upper 
Coralline Limestones. 'Deola Marl' occurs in between 
the two Coralline Limestone bands. 
The Coralline Limestone consists of packstones-
grainstones. Fossils are more abundant than in the 
Nodular Limestone. They are generally sand sized 
and consist of fragments of bryozoans, echinoderms, 
brachiopods, molluscs and foraminifers. The bedding 
types of limestone include flaser-, lenticular-, wavy-
and cross-bedding. Ripple marks and burrows are 
common at certain horizons. The upper part of this 
member is cherty at many places due to the overlying 
traps. 
The Lameta Formation lies conformably above 
the Bagh Formation. Exposures of the Lameta Formation 
14 : 
are confined to only eastern side of the Man river 
between Chirakhan and Jalkhan. This formation con-
sists of mainly sandstones and quartzites. Large 
fossils of tree trunks are characteristic of this 
formation and measure upto 10 m in length and 2 m 
in diameter. The Lameta sandstones are quartzitic 
in nature near the contact of traps. 
The sedimentary sequence of Bagh and Lameta 
formations is overlain by the Deccan traps which are 
basaltic and usually green in colour, fine to coarse 
grained and often vesicular in nature. 
CHAPTER II 
I TTHQSTRATIGRAPHY OF THE BAGH FORMATION 
GENERAL REMARKS 
Lithostratigraphy of the Cretaceous sedimen-
tary rocks of the Narmada basin was described by many 
workers as mentioned elsewhere. The Nimar Sandstone 
comprises mainly terrigenous clastic rocks which 
include conglomerates, sandstones and shales. The 
overlying Bagh Formation consists of dominantly lime-
stones. The Bagh Formation was further divided into 
three members : Nodular Limestone, Deola/Chirakhan 
Marl and Coralline Limestone. The Deola/Chirakhan 
Marl is not persistant and present only locally. The 
middle member i.e. Deola/Chirakhan Marl is not deve-
loped west of Zeerabad in the study area. However, at 
Zeerabad two Coralline Limestone members occur sepa-
rated by Deola Marl. 
The Bagh Formation conformably overlies the 
Nimar Sandstone and unconformably overlain by the 
Deccan Traps. The Lameta Formation is absent in the 
study area. 
The fauna of the Bagh Formation include bryo-
zoans, echinoderms, brachiopods, molluscs, calcispheres 
: 15 : 
16 : 
with occasional globigerinids , ostracods and other 
foraminifers. The fauna indicates Cenomanian-Turonian 
age (Chiplonkar et al., 1977) of the Bagh Formation. 
The thickness of the Bagh Formation in the 
study area is more or less uniform and ranges between 
8 to 10.5 m. 
The sedimentary structures present in the 
Bagh Formation include large and small scale planar 
and trough cross-bedding, lenticular bedding, flaser 
bedding, ripple marks, wavy bedding, nodular bedding, 
chaotic bedding and burrows (mainly thallessenoides). 
Stylolitic structures and geopetal structure are 
observed occasionally. 
Four lithostratigraphic sections of the Bagh 
Formation were measured and representative samples of 
each distinct lithounit were collected in the vicinity 
of Zeerabad for microfacies analysis of the limestones, 
GHURSUL SECTION 
A lithostratigraphic section of the Bagh For-
mation was measured in the road cutting near the village 
of Ghursul on Tanda Road, about 1 km. west of Zeerabad. 
This section of the Bagh Formation is 8 m thick and 
rests conformably on the interbedded shales and cal-
careous siltstones forming the topmost part of the 
17 
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AND SED. 
STRUCTURE 
D E S C R I P T I O N 
Nodular L i m e s t o n e (Bioclastlc wackestont) 
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MM thickness. Wavy bedded in lower part and 
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Mimar Can#4e4-nnA interbeddcd sandstone and N imar b a n d S t O n e ^ shales,lenticufar bedding. 
Fig.3-Lithostratigraphic section of Bagh Formation, 
on Tanda road cutting /1 km west of Zeerabad. 
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Nimar Formation (Fig. 3). 
The lower 7 m of the Bagh Formation is white 
coloured, fossiliferous, Nodular Limestone. The lime-
stone contains interbedded light olive shales (PI 
I, A). The percentage of shales increases in the 
upper part of the member. The limestone is wackestone 
containing calcispheres, echinoderms, brachiopods 
and globigerinids and terrigenous admixture with 
traces of glauconite. Terrigenous admixture is upto 
6 per cent. The sequence is marked by the presence 
of wavy bedding in the lower part which grades into 
nodular bedding in the upper part. Bedding thicknesses 
range between 3 to 4 cm. 
The upper 1 m is Coralline Limestone which is 
brownish in colour and is hard and compact. It is 
generally grainstone with broken and abraded bioclasts 
of echinoderms, brachiopods and molluscs. Few bio-
clasts have been micritized and recrystallised. Intra-
clasts constitute upto 9 per cent. Terrigenous 
component, mainly quartz is less than 1 per cent. The 
Coralline Limestone is marked by the presence of wavy 
bedding, lenticular bedding and ripple bedding with 
mud flasers (PI I.B). Mud flasers are branching in 
nature. On the upper bedding plane there are well 
marked thallessenoid burrows (PI I.C). These burrows 
PLATE I 
Field photographs showing lithologic and 
sedimentary characters of Bagh Formation, Zeerabad 
area. 
Figure A : Nodular Limestone showing typical 
nodular bedding with thin shale 
partings, Ghursul section. 
Figure B : Flaser bedding in Coralline Lime-
stone, showing mud-flasers which are 
irregular and branching in nature, 
Sukkar river section. 
Figure C : Thallessenoid burrows in the upper 
part of the Coralline Limestone, 
Tanda Road section. 
Figure D : Herringbone cross bedding in 
Coralline Limestone, Sukkar river 
section. 
PUJE 1 
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are 13 to 22 cm long and 1 to 1.5 cm wide. The 
Coralline Limestone shows abundant stylolization 
observed both on megascopic and microscopic scale. 
SUKKAR RIVER SECTION 
Another section of the Bagh Formation was 
measured in the cutting along the Sukkar river, a 
tributary of the Man river. This section is located 
about 1.5 km west of Zeerabad. Here the total thick-
ness of the Bagh Formation is 9 m (Fig. 4). 
The formation is divisible into Nodular Lime-
stone and Coralline Limestone. The base of the Nodular 
Limestone is not seen here and only its 3 m thick part 
sequence is exposed. It comprises white coloured, 
nodular bedded, fossiliferous limestones with inter-
bedded shales. The limestones are wackestones with 
bioclasts of echinoderms, calcispheres, brachiopods, 
ostracods and molluscs with terrigenous admixture. 
The sequence is marked by the presence of wavy and 
nodular bedding, and borrows. 
The overlying Coralline Limestone is about 6 m 
thick. It is yellowish brown to purplish in colour 
with dark brown cherty bands in the upper part. The 
Coralline Limestone is divisible into four distinct 
units characterised by different bedding types. 
21 : 
BEDDING TYPE 
AND SED. D E S C R I P T I O N 
Coralline Limestone (BiocUstic andoMdal grainstonc) 
Yellow brewn.purplt celourtd with dark brown patches of 
chart on fht top.Largt scale planar cross btddad. 
Htrringbent cross btdding in the lower part. Intcrbedded 
bioturbated bioctastic pacKstone. 
Nodular Limestone (Bioclastk wackestone) 
White coloured. Wavy and nodular bedded.Interbedded 
with MM thick shale laminae. Burrows present. 
Fig./.. Lithosfratigraphic section of the Bagh 
Formation along Sukkar river 1-5 km west 
of Zeerabad. 
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The lower 1 m thick unit consist of yellowish brown 
grainstone showing 12 to 18 cm thick sets of herring-
bone cross bedding (Pi I-D). 
Above it lies very large scale cross bedded 
unit of grainstone which is 1 m thick. The grain-
stone is brownish in colour and displays stylolites. 
Next higher unit, 75 cm thick comprises reddish 
coloured limestone, mainly packstone which is highly 
bioturbated showing irregular and chaotic bedding 
(PI II.A). 
The top unit 3.2 m thick showing traces of 
cross-bedding consists of grainstones which are brown 
to reddish brown in colour with darker coloured hard 
cherty patches. These patches occur along bedding 
planes as well as along fractures. The effect of 
silicification is much pronounced towards the top of 
the sequence, where the bioclasts have been completely 
altered by chalcedony and other forms of silica and 
their identification is difficult. 
The fauna of the Coralline Limestone includes 
echinoderms, bryozoans, brachiopods, molluscs with 
traces of foraminifers, calcispheres and ostracods. 
ZEERABAD SECTION 
A good section of the Bagh Formation is seen 
D E S C R I P T I O N 
Coralline Limestone (Biociastic grainstont) 
Brown colourtd. Large scali planar cross bedded. 
Interbcddcd bioturbafed layer with thallessenoid 
burrows. Stylolifes p r e s e n t . 
N o d u l a r L i m e s t o n e (CaUisphcreidal wackestone) 
White coloured. Interbeddcd with very thin shale 
laminae.Mostly covered by s c r e e . 
Coralline Limestone (Poorly washed grainstone ) 
Yellowish brown. Ripple cross laminated interbedded 
with single set of planar cross bedding. Stylolites 
pres ent. 
Nodular Limestone (whoi* fossil gastropod 
wackestone) White coloured. Wavy and nodular bedded 
Interbedded with mm thick shale laminae. 
Fig.5-Lithostratigraphic section of the Bagh 
Formation,0*5km east of Zeerabad. 
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in a nala cutting north of the Man river project 
colony, about half a kilometer east of Zeerabad. 
Here the exposed thickness of the Bagh Formation 
is 10.5 m (Fig. 5). The base of the Nodular Lime-
stone is not exposed. Both Nodular Limestone and 
Coralline Limestone each split up into two units 
(PI II-B). 
The lower 3 m thick white coloured fossili-
ferous Nodular Limestone is interbedded with milli-
metre thick shale laminae. This limestone is wacke-
stone with abundant bioclasts of gastropods and cal-
cispheres and small amount of echinoderms and brachio-
pods. Whole fossils of large ammonoids are also pre-
sent. The limestone contains 2 per cent terrigenous 
admixture. The sequence is marked by the presence 
of wavy and nodular bedding. 
Overlying it is 2 m thick band of Coralline 
Limestone which is yellowish brown in colour. It is 
mainly grainstone containing abraded and rounded 
bioclasts of bryozoans, echinoderms and brachiopods. 
The average bedding thickness is 0.5 cm. The bedding 
types include mainly ripple laminations and ripple 
cross laminations and interbedded single set of 
planar cross-bedding (PI II-C). The foresets of cross-
bedding are almost straight. Within this coralline 
limestone band micritic content increases upward. 
PLATE II 
Field photographs showing lithologic and sedimentary 
characters of the Bagh Formation, Zeerabad area. 
Figure A : Highly bioturbated bioclastic pack-
stone comprising Coralline Limestone, 
Sukkar river section 
Figure B : A general view of Bagh Formation 
showing the splitting of Coralline 
Limestone into bands, east of 
Zeerabad. 
Figure C : Ripple bedded Coralline Limestone 
containing a single set of planar 
cross bedded unit, lower band of 
Coralline Limestone, east of Zeerabad, 
Figure D : Large scale planar cross bedding in 
Coralline Limestone. In the fore-
ground forests dip E but those seen 
in the background dip W indicating 
1S0° reversal of current direction. 
PLATE I I 
C 
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Stylolites are present. 
The succeeding 3.5 m thick lithounit consists 
of Nodular Limestone. It is mainly wackestone with 
abundant calcispheres and small amounts of echinoderms 
and brachiopods. This unit is shaly and friable, 
and mostly covered by scree. Bedding type, though 
not clearly seen, appears to be nodular. 
Next higher unit, 2 m thick, comprises Cora-
lline Limestone which is brownish in colour. The 
limestone is packstone-grainstone with bioclasts of 
brachiopods, echinoderms and bryozoans and traces of 
molluscs. The limestone contains intraclasts upto 
14 per cent. The terrigenous admixture is generally 
less than 2 per cent. The bioclasts are generally 
rounded and abraded and show micritization and recry-
stallizatioQ. This unit is marked by the presence of 
large scale planar cross bedding (PI II-D), thallesse-
noid burrows and stylolites. 
BARIA SECTION 
This section of the Bagh Formation was measured 
in the cutting along the Sukkar river, a tributary of 
the Man river. The section is located near the village 
of Baria, about 1 km south of DCL cement factory at 
Karondia. Here the total thickness of the Bagh 
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LITHOLOGY 
BEDDING TYPE 
AND SED. 
STRUCTURE 
0 E S C R I P T I O N 
o o • C o r a l l i n e L i m e s t o n e Bryozoan and intractastic 
grainstonts) Ytllovish Colourad. Planar and trough 
cross btddtd intractastic grainstonts. In tha uppar 
parf ftascr and ripplt baddcd poorly washed bryozoan 
gra'inst'Onts with abundant ripplt marks on bedding 
sur facts . 
N o d u l a r L i m e s t o n t (Sioclastic Wacktstonc) 
Whitt to l ight purplish colourtd .Intarbaddad with 
ma thick shala l aa ina t . Wavy^ I tnt i rular and 
nodular bedded. Hemiast i r common in upper part . 
Burrows common. 
N i m a r S a n d s t o n e - Shales with massive bedding 
Fig.6-Lithostratigraphic section of the Bagh 
Formation near Baria village. 
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Formation is 9 m. The Nodular Limestone conformably 
overlies the shales of the Nimar Formation (Fig. 6). 
The lower 7 m thick unit comprises white to 
light purplish coloured Nodular Limestone with inter-
beds of millimetre thick shales. In the lower part 
of this unit, shale is generally 5 to 6 per cent but 
the percentage increases upward in the unit. The 
nodular limestone is mainly wackestone with bioclasts 
of echinoderms, brachiopods, calcispheres and occa-
sionally molluscs and ostracods. The sequence is 
marked by the presence of wavy and lenticular bedding, 
with bedding thicknesses of 5 to 7 cm in the lower 
part. In the upper part bedding type grades into 
nodular type. Tube - like burrows are present in the 
upper part. This limestone contains hemiaster in 
the upper part. 
The upper 2 m thick unit consists of Coralline 
Limestone which is yellowish in colour. This limestone 
is mainly grainstone with bryozoans, echinoderms, 
brachiopods, molluscs and intraclasts. Quartz silt 
content is upto 3 per cent. The Coralline Limestone 
unit displays mainly planar and trough cross-bedding 
and interbedded lenticular bedding. Ripple marks 
observed on the upper bedding surfaces show slightly 
undulating to almost straight crests and their wave 
29 : 
lengths average 7 cm. Towards the top of the 
unit flaser bedding and ripple bedding are 
observed. 
CHAPTER III 
MAJOR TEXTURAL CONSTITUENTS OF THE 
BAGH FORMATION 
GENERAL REMARKS 
Folk (1962) described the major textural 
constituents of limestones under three broad divi-
sions, disregarding terrigenous admixture and rep-
lacement minerals. The three broad divisions are 
allochems (framework grains), sparry calcite and 
micrite. Flugel (1982) classed the textural cons-
tituents into two broad groups namely groundmass and 
particles. The groundmass included micrite as well 
as sparite formed by cementation or neomorphic pro-
cesses. The particles were defined as "mechanically 
deposited grains which originate before sedimentation". 
The term 'particles' of Flugel corresponds to Folk's 
'allochems'. 
The major textural constituents of carbonate 
rocks of the Bagh Formation were studied in 29 thin 
sections prepared from representative samples collected 
during the measurements of stratigraphic sections 
of the formation around Zeerabad. Thin sections were 
stained with Alizarin Red S for easy recognition of 
calcite and differentiating it with dolomite. 
30 
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Percentages of various textural constituents 
of Bagh Formation were calculated by the method of 
point counting (Table 3). Average percentages of 
textural constituents, member-wise and formation-
wise are given in Table 4. 
In describing the major textural constituents, 
in the present study, Folk's (1962) scheme was 
followed. The allochems include dominantly bioclasts 
and some intraclasts and ooids (mostly superficial). 
Terrigenous admixture is present in most of the sam-
ples but more commonly in samples of Nodular Limestone 
but it hardly exceeds 9 per cent. 
ALLOCHEMS 
The term allochem was introduced by Folk (1962) 
for 'all the organised carbonate aggregates that 
have undergone transportation and which are not 
ordinary chemical precipitates'. 
Allochems in the studied rocks can be grouped 
into two broad divisions : bioclasts (skeletal grains), 
and non-bioclasts (non-skeletal grains) which include 
intraclasts and ooids. 
Skeletal grains (Bioclasts) 
The bioclasts are the most common constituents 
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Table 4 : Average 
of 
Textural 
Constituents 
MICRITE 
SPAR 
BIOCLASTS 
Bryozoans 
Echinoderms 
Brachiopods 
Molluscs 
Calcispheres 
Globigerinids 
Ostracods 
Unidentified 
bioclasts 
percentages 
limestones, 
Zeerabad 
of textural constituents 
Bagh Formation, 
area 
Coralline 
Limestone 
Member (Z) 
16.2 
23.1 
15.5 
10.7 
7.5 
2.7 
-
-
-
9.6 
Nodular 
Limestone 
Member (%) 
70.9 
-
-
6.1 
2.6 
3.2 
6.6 
0.7 
0.4 
4.2 
Bagh 
Formation 
a) 
33.2 
16.0 
10.7 
9.3 
6.0 
2.9 
2.0 
0.2 
0.1 
7.8 
NONBIOCLASTS 
Intraclasts 7.8 
Ooids 1.6 
TERRIGENOUS ADMIXTURE 0.8 
REPLACEMENT SILICA 4.5 
5.3 
5.4 
1.1 
2.2 
3.1 
Z = 100 Z = 100 );=ioo 
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of the Bagh Formation occurring throughout the forma-
tion. The percentages of bioclasts in various thin 
sections of the Nodular Limestone member range bet-
ween 15 to 36 per cent and average 23.8 per cent. In 
the Coralline Limestone member, bioclasts comprise 
between 34 to 58 per cent and average 46.2 per cent. 
As a whole, bioclasts in the Bagh Formation range 
between 15 to 58 per cent and average 39.2 per cent. 
The bioclasts include bryozoans, echinoderms, brachio-
pods, molluscs, calcispheres, globigerinids, ostracods 
and foraminifers. The bioclasts occur as fragments 
as well as whole fossils. 
Bryozoans : The bryozoans occur in abundance 
in the Coralline Limestone but in the Nodular Limestone 
they are almost absent. Bryozoan fragments comprise 
circular to elongate holes (Zooecia) which are filled 
with micrite and iron oxide (Plate III-A). Bryozoans 
exhibit most commonly fibrous wall microstructure and 
occasionally lamellar wall structure. However, wall 
microstructure is only rarely observed because of 
micritization and recrystallization. The size of 
bryozoan fragments range between 0.36 to 5.2 mm and 
that of zooecia between 0.15 to 0.38 mm. Bryozoans 
constitute 3 to 47 per cent in different thin sections. 
The bryozoan fragments are generally subrounded to 
rounded. 
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The bryozoan fragments generally show micri-
tization which is quite intense in some thin sections 
(Plate III-B). In the Sukkar river section, in the 
upper part of the Coralline Limestone member the 
bryozoan fragments show replacement by chert and 
chalcedony in proximity to the overlying traps. 
Echinoderms : The echinoderms are easily iden-
tifiable in thin sections because each individual 
plate of echinoderm skeleton acts optically as a 
single crystal of calcite. Thus each plate extincts 
optically at a single position under corss nicols in 
a polarizing microscope. This feature is rare in 
other fossils. Because individual echinodermal plates 
act as a single crystal, they commonly serve as 
nucleation sites for calcite cements in most limestones 
Calcite is added in optical continuity to the echino-
dermal plates. Another important feature of echino-
derms is that the plates and spines of many echino-
derms exhibit an open meshwork structure in the 
centre and slightly denser meshwork towards the margin 
(Plate III-C). 
Echinoderms occur throughout the Bagh Forma-
tion. They constitute 2 to 9 per cent in the Nodular 
Limestone and upto 21 per cent in the Coralline Lime-
stone. As a whole, echinoderms in the Bagh Formation 
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average 9.3 per cent. The size of bioclasts ranges 
between 0.03 to 3.8 mm. 
The bioclasts comprise randomly cut sections 
of stem plates and spines of crinoids and echinoids. 
The bioclasts are porous and pores are generally filled 
with ferruginous micrite and micrite. They show 
overgrowths and occasionally micrite envelopes (Plate 
III-D). In some thin sections echinoderms replaced 
by chalcedony and chert are recognised by the remnant 
patches of original porous plate. 
Brachiopods : The brachiopods occur throughout 
the Bagh Formation. In Nodular Limestone they consti-
tute 1 to 6 per cent and average 2.6 per cent, while 
in the Coralline Limestone their percentages range 
between 2 to 23 per cent and average 7.5 per cent. In 
the Bagh Formation as a whole they range between 1 
to 23 per cent and average 6 per cent. The size of 
bioclasts ranges between 0.04 to 4.4 mm. The bio-
clasts are generally rounded to subrounded and are 
easily distinguishable by their fibrous wall micro-
structure with fibers aligned parallel and oblique 
to the wall surface (Plate III-E). Some fragments, 
which are transverse section of spines, show concentric 
wall microstructure. The fragments generally show well 
preserved wall micro-structure but occasionally they 
PLATE III 
Photomicrographs of Coralline Limestone and Nodular 
Limestone showing characteristic features of various 
bioclasts of Bagh Formation, Zeerabad area. 
(P=Plane Polarized, XN=Crossed nicols, X 30=Magnification) 
Figure A : Bryozoan fragment showing elongate 
holes (Zooecia) which have been filled 
with iron oxide (P, X 30). 
Figure B : Micritized bryozoan fragments (P, X 20) 
Figure C : Echinodermal fragment showing well 
preserved meshwork structure (P, X 80) 
Figure D : Echinodermal fragment showing a thick 
ferruginous micritic coating (P, X 80) 
Figure E : Brachiopod fragment showing fibrous 
microstructure aligned oblique to wall 
surface. Note microboring on the frag-
ment (XN , X 25). 
Figure F : Gastropod shell, recrystallized. Chambers 
are filled with micrite. Note thin iron 
oxide coating around the shell ( P, X 30) 
PLATE I I I 
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have been recrystallized and micritized. In the 
Sukkar river section few brachiopods show evidence 
of microboring on them (Plate III-E). 
Molluscs : Molluscan fragments are scarce 
and occur only in few samples. Molluscs constitute 
2 to 24 per cent in the Nodular Limestone and average 
3.2 per cent. In the Coralline Limestone range bet-
ween 1 to 15 per cent and average 2.7 per cent. As 
a whole, in the Bagh Formation molluscs range between 
1 to 24 per cent and average 2.9 per cent. Among the 
molluscan fragments, gastropods and pelecypods have 
been recognised on the basis of their shell shape and 
shell microstructure. 
The shells of gastropods are easily identifi-
able by their characteristic outline (Plate III-F). 
The wall microstructure of gastropods is generally 
not preserved as a result of recrystallization. Cham-
bers of gastropod shells are generally filled with 
micrite. In the study area maximum percentage of 
gastropods was recorded from the lower band of 
Nodular Limestone of the Zeerabad section , 
where they constitute 24 per cent. In few thin sec-
tions gastropods are coated with thin layer of 
ferruginous micrite. The gastropods occur both as 
whole fossils as well as fragments. The size of 
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gastropods ranges between 0.38 to 2.6 mm. 
The pelecypods constitute upto a maximum 
of 8 per cent but generally they occur in traces. 
Their presence is mainly confined to Sukkar river 
section. The fragments of pelecypods are generally 
altered and recrystallized, however, occasionally 
they show prismatic wall microstructure. 
Calcispheres : Calcispheres are organisms 
commonly less than 500 micron in maximum dimension 
and displaying a round central cavity, lacking aper-
ture to the exterior, and surrounded by a variably 
preserved wall (Horowitz and Potter, 1971). 
Calcispheres are mainly confined to the 
Nodular Limestone member of the Bagh Formation (Plate 
IV A). Both walled and unwalled calcispheres occurs. 
They range in size between 0.031 to 0.105 mm. In 
Nodular Limestone member they constitute 2 to 22 per 
cent and average 6.6 per cent. In Coralline Lime-
stone calcispheres are almost absent occurring only 
in one thin section in traces. For the Bagh Formation 
as a whole they average 2 per cent. 
Other Bioclasts : Ostracods occurs only in 
few thin sections especially in Nodular Limestone 
member. They range in size between 0.15 to 0.38 mm 
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and never exceed 1 per cent. Recurved margins of 
the ostracod valve is a characteristic feature (Plate 
IV B) . 
In some thin sections of the Nodular Lime-
stone, foraminifers constitute upto 4 per cent of 
which globigerinids are most important (Plate IV C). 
These are multichambered with radial porous wall 
microstructure, chambers are spherical. The chamber 
size of globigerinids ranges between 0.06 to 0.122 mm. 
In few thin sections traces of uniserial 
(Plate IV D) and biserial foraminifera were observed 
which are distinguished by micritized wall structure 
and shape of chambers. Miliolid foraminifera is also 
observed in traces (Plate IV E). 
Non-Skeletal Grains 
The nonskeletal grains include intraclasts and 
rare ooids in the studied rocks. 
Intraclasts : Folk (1962) defined 'intraclast' 
as a fragment of penecontemporaneous generally weakly 
consolidated carbonate sediment, that has been eroded 
from adjoining parts of the sea bottom and redeposited 
to form a new sediment. Intraclasts of the studied 
rocks are rounded with variable shapes but generally 
they are equidimensional or elongate. Their internal 
PLATE IV 
Photomicrographs of Nodular Limestone and Coralline 
Limestone showing characteristic features of various 
bioclasts of Bagh Formation, Zeerabad area. 
(P=Plane Polarized, XN=Crossed nicols, X 75= magnifi-
cation) 
Figure A : Calcispheres. Note the difference 
in size between walled and unwalled 
calcispheres (walled on left side, 
unwalled on right side) (P, X 75) 
Figure B : Ostracod showing the characteristic 
recurved margin of the valve 
(P, X 100) 
Figure C : Globigerinids. Multichambered with 
radial porous wall microstructure; 
chambers are spherical (P, X 350) 
Figure D : Uniserial foraminifera. Note the 
micritized wall structure (P, X 75 ) 
Figure E : Miliolid foraminifera. (P, X 75) 
Figure F : Intraclast with complex internal struc-
ture. Note highly ferruginous and 
micritic nature of the intraclast 
(P, X 30) 
PLATE IV 
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composition is mostly similar to that of the surround-
ing rock suggesting their origin by penecontempora-
neous erosion. Intraclasts are highly ferruginous 
in nature (Plate IV F). They range in size from 
0.16 to 5.0 mm. Their percentages in different thin 
sections range between 2 to 21 per cent and average 
7.8 per cent. They are confined to only Coralline 
Limestone. 
Ooids : Ooids are generally less than 2 mm 
in size, spherical or ellipsoidal particles, with 
uniform concentric laminae coating a nucleus. Ooids 
are termed superficial when coating comprises one 
or only few laminae. 
Ooids in the study area are scarce and occur 
in only few thin sections. However, they are abundant 
in the upper part of the Coralline Limestone in 
Sukkar river section. They are mostly of superficial 
type as the coating is quite thin in relation to the 
size of the nucleus. The nucleus mostly consists of 
a fossil fragment. Some true ooids showing radial 
fibrous structure occur in few specimens of the sec-
tion measured east of Zeerabad. Ooids range in size 
between 0.3 to 1.8 mm, size of nucleus being 0.2 to 
1.6 mm. They constitute upto 23 per cent in the 
Sukkar river section, but only upto 2 per cent in the 
section east of Zeerabad. 
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SPARRY CALCITE 
Folk (1959) introduced the term 'sparite' 
which generally foirms crystals or grains 10 micron 
or more in diameter and is distinguished from micro-
crystalline calcite (micrite) by its clarity and 
coarser crystal size. Sparite is generally distin-
guished as orthosparite and pseudosparite. The 
orthosparite originates as cement in intergranular 
or intragranular pores whereas pseudosparite forms 
by neomorphic process (i.e. recrystallization of 
micrite). Pseudosparite is included here with micrite 
which has recrystallized to spar. In the studied 
thin sections, orthosparite occurs generally as 
syntaxial cement rims on echinodermal fragments 
(Plate V A, B). It also occurs as interparticle 
pore filling granular cement showing drusy mosaic 
(Plate V C, D). The sparry calcite cement or ortho-
sparite occurs only in the Coralline Limestone member. 
MICRITE 
Micrite is an abbreviation for microcrystalline 
calcite ooze (Folk, 1959), which is finer than .004 mm 
(4 micron). Micrite in thin sections is characterized 
by grain fabric consisting of anhedral to subhedral 
calcite crystals with planar and curved grain contacts. 
PLATE V 
Photomicrographs of Coralline Limestone showing 
various types of sparry calcite cement, Bagh 
Formation, Zeerabad area. 
(P= Plane Plolarized, XN= Crossed nicols, X 30 = 
Magnification) 
Figure A : Syntaxial calcite cement forming over-
growths on an echinodermal fragment 
(Fig, A) (P, X 30). The cement is in 
optical continuity with the echinodermal 
fragment as both extinct together 
under X N (Fig. B) (XN, X 30). 
Figure C : Granular cement showing drusy mosaic 
^^^ ^ (Fig. C) (P, X 70). Note the increase 
in size of calcite crystals toward the 
centre of pore space. (Fig. D) (XN, X 100) 
Figure E : Umbrella effect. Note the occurrence 
of spar below the shell surface, micrite 
has been deposited on top. (P, X 56). 
Figure F : Geopetal structure. Micrite has partly 
filled the cavity of an echinoderm and 
remaining space is occupied by spar. 
(P, X 54) 
PLATE V 
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The upper size limit for micrite was given by 
Dunham (1962) at 20 micron, by Leighton and 
Pendexter (1962) at 30 micron and at 50 micron by 
Bissell and Chillingar (1967), while Elf-Aquitaine 
(1975) put it at 10 micron. Bossellini (1964) 
differentiates between micrite-I when grain size is 
less than 4 micron and micrite-II when grain size 
is between 4 to 30 micron. In the carbonate rocks 
under study, carbonate material finer than 0.03 (30 
micron) has been termed micrite following Leighton 
and Pendexter (1962). The micrite has generally 
(especially in Coralline Limestone member) recrys-
tallized to pseudosparite, which consists of grains 
larger than 30 microns in dimensions (Folk, 1965). 
The micrite matrix forms 62 to 76 per cent and average 
70.9 per cent in Nodular Limestone member. In the 
Coralline Limestone micrite ranges between 10 to 44 
per cent and average 16.2 per cent. In the Bagh 
Formation as a whole the micrite content ranges bet-
ween 10 to 76 per cent and averages 33.2 per cent. 
Some thin sections display umbrella effect (Plate 
V E) and geopetal fabric (Plate V F). 
CHAPTER IV 
DESCRIPTION OF NICROFACIES 
GENERAL REMARKS 
The term 'microfacies' was introduced by 
Brown (1943), with reference to the criteria appear-
ing in thin sections under the microscope. Various 
objections were raised to the term microfacies by 
earlier workers. According to Calkins (1943) a 
'microfacies' must be counterbalanced with a 'mega-
facies'. Campbell (1944) suggested that instead of 
'microfacies' it should be called simply 'under the 
microscope'. Allings(1945) suggested that microfacies 
was difficult to define and proposed the term micro-
lithology instead of microfacies. Fairbridge (1954) 
made distinction between microlithofacies and micro-
biofacies, but his concept gained little support. Cloud 
and Branes (1957), used the term microfacies to 
characterize minor or less important facies develop-
ment within larger facies environments. 
Cuvillier (1952, 1958, 1961) reintroduced the 
term microfacies to characterize paleontological and 
petrographic criteria in thin sections. Earlier wor-
kers laid emphasis on paleontological criteria but 
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now microfacies studies include both sedimentologi-
cal and paleontological criteria. According to 
Flugel (1982) 'microfacies is the total of all the 
paleontological and sedimentological criteria which 
can be classified in thin sections, peels and poli-
shed slabs. 
During the last three decades (since early-
sixties) many excellent papers on carbonate micro-
facies were published and much of this literature 
has been summarised by Wilson (1975) and Flugel (1982) 
Good illustrations of some of the basic microfacies 
was given by Horowitz and Potter (1971). Microfacies 
analysis is the most important part of investigation 
of carbonate rocks and helps in the interpretation 
of depositional environments. 
DESCRIPTION OF MICROFACIES 
On the basis of thin section studies of tex-
tural constituents including bioclasts of the carbo-
nate rocks of the study area ten microfacies were 
identified. The microfacies of the study area were 
compared with the standard microfacies types of 
Wilson (1975) and their depositional environments 
were interpreted. 
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1. Bioclastic Wackestone (Biomicrite) 
This is the dominant microfacies of the Nodu-
lar Limestone member in the study area. This micro-
facies occurs in the wavy and nodular bedded fossi-
liferous limestones interbedded with millimetre thick 
shaly partings. The microfacies comprises dominant 
micrite averaging 73.0 per cent (Plate VI A ) . The 
other constituents are bioclasts (21.0 per cent) and 
terrigenous admixture (6.0 per cent). 
Micrite is pure and homogeneous and does not 
show pelleting or clotting. It is generally less than 
10 micron in size. 
The bioclasts include echinoderms (average 7.0 
per cent) .calcispheres (4.0 per cent), brachiopods 
(3.0 per cent), globigerinids and molluscs (1.0 per 
cent each) and traces of ostracods. The unidentified 
bioclasts average 5.0 per cent. Most of the bioclasts 
are disarticulated fragments. However, few whole 
fossils of gastropods occur especially in the Baria 
section. The bioclasts are poorly sorted both in 
respect of size as well as shape. They range in size 
between 0.03 to 2.6 mm (medium silt to granule size). 
The larger sized whole fossils of gastropods {'P'l mm) 
are mainly confined to Baria area. Boundaries of 
bioclasts are generally sharp but few bioclasts have 
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rugged boundaries. Shell cavities in gastropods are 
filled with micrite which is similar in composition 
to that of surrounding micrite. Internal pores of 
bioclasts are filled with micrite or microsparite. 
Few bioclasts have been recrystallized. 
Terrigenous admixture, mainly quartz occurs 
as small particles ranging in size between 0.03 to 
0.09 mm (medium silt to very find sand). 
2. Whole Fossil Gastropod Wackestone 
(Whole Fossil Biomicrite) 
This microfacies occurs in the wavy and nodular 
bedded limestones forming the lower part of the Nodular 
Limestone member in the section east of Zeerabad. It 
contains abundant micrite (62.0 per cent) and bioclasts 
(36.0 per cent) with small amount of terrigenous 
quartz (2.0 per cent). 
Micrite is pure and homogeneous. It is generally 
less than 7 micron in size and does not show pelleting 
or clotting. 
Bioclasts include molluscs, mainly gastropods 
(24.0 per cent), calcispheres (7.0 per cent), echino-
derms (2.0 per cent), brachiopods (1.0 per cent) and 
others (2.0 per cent). The gastropods occur mostly 
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as whole fossils, whereas other bioclasts are broken 
and abraded (Plate VI B). The size of bioclasts 
ranges between 0.03 to 2.4 mm (medium silt to granule 
size). The larger bioclasts are represented by gas-
tropods which are unabraded with sharp boundaries. 
Bioclasts are poorly sorted. The shells of gastro-
pods have been mostly recrystallized and their original 
structure has been lost. Most of the bioclasts of 
the gastropods have a thin dark coloured ferruginous 
micritic coating on them. Shell cavities in gastro-
pods are filled with micrite which is similar in 
composition to that of surrounding micrite. Internal 
pores, when present are filled with micrite. 
Terrigenous admixture, mainly quartz occurs 
as small particles and ranges in size between 0.03 
to 0.06 iran (medium silt to coarse silt size). 
3. Calcispheroidal Bioclastic Wackestone 
(Calcispheroidal Biomicrite) 
This microfacies occurs in wavy and nodular 
bedded limestone of the upper part of the Nodular 
Limestone member in the section east of Zeerabad. It 
contains abundant micrite (66.0 per cent) and bio-
clasts (29.0 per cent), with small amount of quartz 
(5.0 per cent). 
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Micrite is pure and homogeneous. It is 
generally less than 7 micron in size and is not 
pelleted or clotted. 
The bioclasts comprise mainly calcispheres 
(22.0 per cent) (Plate VI C). Other bioclast are 
echinoderms (2.0 per cent), brachiopods and ostracods 
(1.0 per cent each) and others (3.0 per cent). They 
range in size between 0.03 to 0.38 mm (medium silt 
to very fine sand size). Calcispheres occur both as 
walled and unwalled forms. The walled calcispheres 
are generally smaller in size than the unwalled forms, 
Unwalled calcispheres are mostly recrystallized. 
Internal pores are only rarely observed in the bio-
clasts and are filled with micrite. 
Terrigenous admixture, mainly quartz, occurs 
as medium-coarse silt size particles, 0.015 to 0.06 
mm in size. 
4. Bioclastic Packstone (Biomicrite) 
This microfacies occurs in Sukkar river sec-
tion in highly bioturbated unit showing irregular 
and chaotic bedding. The microfacies comprise domi-
nant bioclasts (average 53.0 per cent), micrite (44.0 
per cent), intraclasts (2.0 per cent) and terrigenous 
admixture (1.0 per cent) (Plate VI D). Glauconitized 
PLATE VI 
Photomicrographs of various carbonate microfacies, 
Zeerabad area 
(Plane-Polarized) 
Figure A : Bioclastic wackestone, Baria Section, 
(X 20) 
Figure B : Whole fossil gastropod v/ackestone, east 
of Zeerabad, (X 20) 
Figure C : Calcispheroidal wackestone, east of 
Zeerabad, (X 65) 
Figure D : Bioclastic packstone, Sukkar river, 
(X 20) 
Figure E : Poorly washed bioclastic grainstone, 
Sukkar river, (X 20) 
Figure F : Poorly washed bryozoan bioclastic grain-
stone, Baria section, ( X 20) 
PLm VI 
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pellets and glauconitized bioclasts are common. 
Bioclasts include echinoderms (average 21.0 
per cent), molluscs (14.0 per cent), bryozoans (3.0 
per cent), brachiopods (2.0 per cent) and unidenti-
fied, recrystallized bioclasts (12.0 per cent). Most 
of the bioclasts except echinoderms are recrystallized 
and are distinguished mainly on the basis of shell 
structures. Molluscs are mainly pelecypod shells. 
Bioclasts are very poorly sorted both in respect of 
size and shape. They range in size between 0.4 to 
2.4 mm (coarse silt to granule size). However, occa-
sionally whole fossils of pelecypod upto a maximum of 
10 mm in size are observed. The bioclasts do not show 
any preferred orientation and are highly disturbed. 
Boundaries of the most bioclasts are sharp. 
Micrite (average 43.0 per cent) occurs through-
out. It does not show any evidence of pelletting or 
clotting. Small intraclasts or pellets constituting 
only a small portion (2.0 per cent) are ferruginous 
in nature and are coarse silt to fine sand in size. 
Terrigenous admixture is present as quartz silt 
grains. 
5. Poorly Washed Bioclastic Grainstone 
(Poorly Washed Biosparite) 
This is the dominant microfacies type in the 
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Coralline Limestone member in sections measured at 
Tanda road, Sukkar river and east of Zeerabad. In 
the field, the Coralline Limestone shows flaser 
bedding, lenticular bedding and cross-bedding. The 
microfacies comprise dominant bioclasts (average 
45.0 per cent), spar (30.0 per cent), micrite (16.0 
per cent), intraclasts (8.0 per cent) with very small 
amount of quartz (1.0 per cent). 
Bioclasts include bryozoans (average 14.0 
per cent), echinoderms (12.0 per cent), brachiopods 
(9.0 per cent), molluscs (1.0 per cent) and others 
(9.0 per cent). Other bioclasts include micritized, 
recrystallized and unidentifiable bioclasts. Most 
of the bioclasts are abraded and rounded (Plate VI E), 
Roundness of the bioclasts in Tanda road and Sukkar 
river sections is better (rounded to well rounded) 
than those in the Zeerabad section (subrounded to 
rounded). As compared to other two sections the 
Zeerabad section shows slightly higher percentage of 
brachiopods and lower percentage of echinoderms. The 
bioclasts range in size between 0.48 to 1.6 mm 
(medium sand to very coarse sand size). The boun-
daries of the most bioclasts are sharp. Few bio-
clasts have rugged or ill defined boundaries. In 
Sukkar river section bioclasts generally have spar 
rinds around them in the form of isopachous cement. 
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Bridging and umbrella effects are common. Geopetal 
structures are observed occasionally. In Sukkar 
river section and Zeerabad section bioclasts shows 
stylolitic contacts and have been dissolved along 
the contact. Internal pores of bioclasts are filled 
with micrite and iron oxide. Few bioclasts have 
been micritized and recrystallized. The effect of 
micritization is observed in all the sections. Mic-
ritization increases upward in the Coralline Limestone 
member in Tanda road section. The bioclasts posses 
micritic rinds around them but they are less in 
number than those without micritic rinds. The bio-
clasts are smaller in size in Sukkar river section as 
compared to the section measured east of Zeerabad. 
Micrite occurs throughout (average 16.0 per 
cent) and occurs in patches, as geopetal fills, and 
shows bridging and umbrella effects. 
Intraclasts (average 8.0 per cent) range in 
size between 0.32 to 1.0 mm (medium sand to coarse 
sand size). They are generally equidimensional or 
elongate. They are highly ferruginous in nature 
appearing darker than the surrounding rocks. They 
do not posses rinds on them. 
Spar (average 30.0 per cent) occurs mostly 
in the form syntaxial rims on echinodermal grains. 
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It also occurs in the interparticle pores as granu-
lar cement and as fibrous and isopachous cement on 
brachiopods and other bioclasts. The spar fills up 
umbrella voids. 
Quartz occurs as scattered corroded grains 
hardly forming one per cent. 
6. Poorly Washed Bryozoan Grainstone 
(Poorly Washed Bryozoan Biosparite) 
This microfacies occurs in the ripple bedded 
unit of Coralline Limestone member in the section 
measured near Baria. The microfacies comprises domi-
nant bioclasts (average 52.0 per cent), spar (21,0 
per cent), micrite (18.0 per cent), intraclasts 
(6.0 per cent), ooids (1.0 per cent) and terrigenous 
admixture (2.0 per cent). 
The bioclasts include dominant bryozoans 
(average 40.0 per cent). Others are echinoderms 
(5.0 per cent), brachiopods (3.0 per cent), molluscs 
(1.0 per cent) and unidentified bioclasts (3.0 per 
cent). The bioclasts are generally broken and abra-
ded. The size of bioclasts ranges between 0.48 to 
2.4 mm (medium sand to granule size). Bioclasts in 
respect of size and shape are moderately sorted. The 
larger sized bioclasts are mainly bryozoans (Plate 
VI F). As more than 10 per cent bioclasts are of 
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rudite size (^2.0 mm) the rock may be designated 
as floatstone-rudstone by the nomenclature of Embry 
and Klovan (1971). Most bioclasts have sharp boun-
daries but few show ill-defined boundaries. Although 
the bioclasts generally do not have micritized rinds 
on them, their internal pores are generally filled 
with micrite and iron oxide. 
Intraclasts constitute only small amount (ave-
rage 4.0 per cent). They range in size between 0.6 
to 1.2 mm (coarse sand to very coarse sand size) and 
are ferruginous in nature. 
Ooids rarely exceed 1.0 per cent and range in 
size between 0.45 to 0.6 mm (medium-coarse sand size) 
Their nucleus is generally micritic. 
Terrigenous admixture (average 2.0 per cent) 
consists of small corroded silt grains. 
7. Intraclastic Bioclastic Grainstones 
(Poorly Washed Intraclastic Biosparite) 
This microfacies occurs in the lower part of 
Coralline Limestone in section measured near Baria. 
The microfacies comprises dominant bioclasts (average 
40.0 per cent), spar (31.0 per cent), intraclast 
(19.0 per cent), micrite (10.0 per cent) and traces 
of terrigenous admixture. 
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The bioclasts include bryozoans (average 16.0 
per cent), echinoderms (12.0 per cent), brachiopods 
(4.0 per cent), molluscs (3.0 per cent) and others 
(5.0 per cent). The size of bioclasts ranges between 
1.0 to 1.8 mm (very fine sand to very coarse sand 
size). The boundaries of the most of the bioclasts 
are generally sharp. Few bioclasts are marked by 
dark coloured micritic coating around them. The shell 
microstructure of the most of bioclasts is clear. 
Internal pores of the bioclasts are generally filled 
with micrite and iron oxide. Few bioclasts have 
been glauconitized. Glauconite also occurs in the 
form of pellets. 
Spar (average 31.0 per cent) occurs mostly 
in the form of granular cement filling the inter-
particle pore spaces and as syntaxial rims around 
echinodermal grains. It also occurs as isopachous 
cement associated mostly with brachiopod fragments. 
Intraclasts (average 19.0 per cent) range in 
size between 0.8 to 1.8 mm (coarse sand to very 
coarse sand size). Their shape is variable but 
generally they are equidimensional and elongate. 
Their composition is similar to enclosing rocks, but 
are highly ferruginous in nature (Plate VII A). 
Micrite (average 10.0 per cent) occurs in 
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patches. It is not pelletted or clotted. Occasio-
nally micrite shows recrystallization to pseudospar. 
Terrigenous admixture comprising mainly quartz 
silt rarely exceeds half a per cent. 
8. Brachiopod Bioclastic Grainstone 
(Poorly Washed Brachiopod Biosperite) 
This microfacies occurs in large scale cross 
bedded Coralline Limestone in the section measured 
east of Zeerabad. The microfacies corresponds to 
Bioclastic grainstone, except that the former posseses 
higher percentage of brachiopods. The average compo-
sition of microfacies is : bioclasts 48.0 per cent, 
spar 28.0 per cent, micrite 12.0 per cent, intra-
clasts 10.0 per cent and terrigenous admixture 2.0 
per cent. 
The bioclasts include brachiopods (23.0 per 
cent), echinoderms (13.0 per cent), bryozoans (5.0 
per cent), molluscs (1.0 per cent) and others (6.0 
per cent). Most of the bioclasts are abraded frag-
ments showing two populations on the basis of size. 
The larger fragments of very coarse sand to granule 
size are of brachiopods (Plate VII B), while the 
smaller ones of medium-fine sand size include bryozoans, 
echinoderms, and others. Boundaries of bioclasts are 
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generally sharp. They do not posses rinds on them. 
Internal pores are generally filled with micrite 
and ferruginous micrite. Bioclasts show stylolltic 
contacts. They are aligned parallel to bedding. 
Spar (average 28.0 per cent) occurs as synta-
xial growths rims over echinodermal fragments, as 
granular cement filling interparticle pore spaces, 
and also as isopachous cement. 
Micrite (average 12.0 per cent) occurs in 
patches. It does not show pelleting or clotting. 
Intraclasts (average 10.0 per cent) range in 
size between 0.18 to 0.42 mm (fine sand to medium 
sand size). They show variable shapes but most of 
them are elongate. They are slightly ferruginous in 
nature. 
9. Silicified Poorly Washed Bioclastic 
Grainstone 
(Silicified Poorly Washed Biosparite) 
The microfacies occurs in cross bedded units 
of Coralline Limestone in the Sukkar river section. 
The microfacies comprises bioclasts (average 45.0 
per cent), micrite (15.0 per cent), intraclasts (3.0 
per cent), ooids (3.0 per cent) and spar (6.0 per 
cent) with replacement silica (27.0 per cent). 
PLATE VII 
Photomicrographs of various carbonate microfacies, 
Zeerabad area, 
(P = Plane Polarized, XN = Crossed nicols, X20=Magnification) 
Figure A : Intraclastic bioclastic grainstone, 
Baria section (P, X20) 
Figure B : Brachiopod bioclastic grainstone, east of 
Zeerabad (XN, X25) 
Figure C : Poorly washed silicified bioclastic grainstone, 
^^'^ ° Sukkar river (Fig. C-P, Fig. D-XN) (X20) 
Figure E : Silicified ooidal grainstone, Sukkar river 
(P, X20). 
Figure F : Silicified ooidal grainstone showing remnant 
patches of spar (->) in between replacement 
chalcedony, Sukkar river (XN, X25) 
PLATE VII 
w-^ MF 'j^'f V 
ch '^C' 
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Bioclast include echinoderms (average 8.0 per 
cent), molluscs (7.0 per cent), bryozoans and brachio-
pods (5.0 per cent each), recrystallized and micri-
tized bioclasts (5.0 per cent) and altered silici-
fied bioclasts (15.0 per cent). The bioclasts 
range in size between 0.6 to 2.0 mm (coarse sand to 
very coarse sand size). The smaller bioclasts are 
abraded and rounded fragments with moderate to good 
size and shape sorting. The larger bioclasts are 
mainly brachiopods and molluscs (Plate VII C, D). 
The boundaries of bioclasts are generally sharp and 
do not have rinds around them. Internal pores are 
filled mostly with iron oxide and micrite. Internal 
structure of bioclasts except few have been altered 
by silica replacement. The percentage of micrite ,, 
(16.0 per cent) is less than the the original i.e. at 
the time of deposition, because it has been replaced 
by silica. Micrite as observed is mainly concentrated 
in layers. 
Silicification has extensively replaced spar 
(average 6.0 per cent) which occurs in remnant patches 
throughout. 
Intraclasts (average 3.0 per cent) range in 
size between 0.15 to 0.75 mm (fine sand to coarse 
sand size) and are variable in shape. Intraclasts 
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are highly ferruginous in nature and their internal 
composition is similar to the matrix. 
Ooids (average 2.0 per cent) occur mostly as 
superficial types and occasionally as true types. They 
range in size between 0.3 to 0.6 mm (medium to coarse 
sand size). Their nucleus is generally larger than 
the cortex. Bioclasts and pellets generally serve 
as nuclei for ooids. 
The replacement silica (average 27.0 per cent) 
mostly consists of chalcedony. Presence of micrite 
alongwith sparite where the replacement has not 
taken place indicates that initially bioclasts were 
laid down alongwith micrite and spar. 
10. Silicified Ooidal Bioclastic Grainstone 
(Silicified Ooidal Biosparite) 
This microfacies occurs in the uppermost part 
of the Coralline Limestone member near the contact 
with traps in the section measured in the Sukkar river. 
It is profusely cross-bedded and shows extensive 
replacement by silica (Plate VII E) which constitute 
on the average 52.0 per cent of the rock. Silica 
has replaced both allochems and sparry calcite cement. 
The present average composition of the microfacies 
is 19.0 per cent bioclasts, 20.0 per cent silicified 
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bioclasts, 23.0 per cent ooids, 2.0 per cent intra-
clasts, 4.0 per cent sparry calcite cement, and 32.0 
per cent silica that has mainly replaced the sparry 
calcite cement. Presence of small remnant patches 
of sparry calcite cement within the replacement silica 
(Plate VII F) indicate that initially the rock was 
a grainstone with abundant sparry calcite cement. The 
replacement silica occurs mostly in the form of cha-
lcedony, chert and quartz. 
The unaltered bioclats include bryozoans (8.0 
per cent), molluscs (4.0 per cent), brachiopods (3.0 
per cent), echinoderms (2.0 per cent) and others (2.0 
per cent). Most of the bioclasts are disarticulated 
fragments that have suffered considerable transport. 
The bioclasts are well sorted in respect of size and 
shape. They range in size between 1.2 to 2.0 mm 
(very coarse sand size). The boundaries of most 
bioclasts are sharp but few have ill-defined bounda-
ries. Internal structure of the bioclasts is gene-
rally not clear due to replacement by silica. 
Ooids (23.0 per cent) occur both as true and 
superficial types but the later are dominant. The 
size of ooids ranges between 0.6 to 1.6 mm (coarse 
sand to very coarse sand size). 
Intraclasts constitute upto 2.0 per cent and 
are mostly equidimensional in shape. Mostly they are 
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1.2 to 1.8 mm (very coarse sand size) in size. Their 
internal composition is similar to the enclosed rock. 
Presence of ooids and well sorted bioclasts 
indicate high energy environment of deposition. Most 
of the bioclasts and binding material has been rep-
laced by chalcedony and chert. However, presence of 
small patches of spar within the replacement silica 
indicate that initially spar was present alongwith 
the framework grains further indicating high energy 
environment and removal of micrite. 
CHAPTER V 
MICROFACIES INTERPRETATION AMD DEPOSITIONAL 
nODEL 
EARLIER WORK 
Sedimentological information on the Bagh beds 
is scarce as very few relevant studies have been pub-
lished (Raiverman, 1975; Singh and Srivastava, 1981). 
In contrast, the fauna of Bagh beds has received 
far greater attention, and sufficiently abundant 
literature on paleontological aspects has accumulated 
over the last five decades since the early work of 
G,W. Chiplonkar in the late thirties. Despite pau-
city of sedimentological data a broad framework of 
depositional model of the Bagh beds can be recons-
tructed mainly on the basis of paleontological and 
paleoecological studies. (Jain, 1966; Dassaram and 
Sinha, 1975; Guha and Ghose, 1975; Chiplonkar et al., 
1977; Singh and Dayal, 1979; Badve, 1987). 
The carbonate sediments of the Bagh beds were 
deposited in shallow and mainly quiet water, though 
moderate wave energy existed in the basin (Guha and 
Ghose, 1975). The trace fossil assemblage belonging 
: 66 : 
: 67 
to Cruziana facies also indicates moderate to low 
energy shallow shelf conditions (Chiplonkar et al., 
1977; Singh and Dayal, 1979; Singh and Srivastava, 
1981). 
The Nodular Limestone formed in brakish to 
shallow marine conditions but circulation improved 
with time resulting in open marine conditions during 
the deposition of the Coralline Limestone (Jain, 1966) 
The bathymetric range during deposition of 
the Bagh sediments was from intertidal to shallow 
subtidal (Singh and Srivastava, 1981) and probably 
deeper upto 270 m (Badve and Ghare, 1977). Broadly, 
a shallow subtidal shelf depositional model emerges 
for the Bagh beds from paleontological and paleo-
ecological studies. 
In this chapter an attempt has been made to 
integrate the microfacies data and field data on the 
Bagh Formation with a view to recognising the various 
carbonate subenvironments that existed in the Man 
valley of the Narmada basin. The recognition cf 
subenvironments helped in constructing a depositional 
model for the carbonate rocks of the study area. 
MICROFACIES INTERPRETATION 
The various microfacies described in Chapter IV 
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form several natural lithological associations 
which are described below. 
Facies Association 1 
Four microfacies of the study area : bioclas-
tic wackestone, whole fossil gastropod wackestone, 
calcispheroidal bioclastic wackestone and bioclastic 
bioturbated packstones form a natural facies asso-
ciation. They are characterized by thin nodular 
bedding and interbedded shale which are common fea-
tures of shelf facies (Wilson, 1975, p. 355). The 
abundance of micrite (44 to 72 per cent), poor sort-
ing and angular nature of bioclasts and presence of 
whole fossils suggest low energy environment of 
deposition below wave base. The diversity of fauna 
indicates open marine conditions. Globigerinids, 
echinoderms, and calcispheres suggest shallow marine 
to deep marine environment and normal salinity. Plank-
tonic organisms, small amount of terrigenous quartz 
silt and absence of fenestral fabric confirm subti-
dal environment of deposition. 
The bioclastic wackestone and whole fossil 
wackestones of the study area correspond to the stan-
dard microfacies types (SMF types) 8 to 9 and belong 
to open marine shelf facies association (Wilson, 1975, 
p. 65, Flugel, 1982, p. 406). 
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The bioclastic bioturbated packstone micro-
facies of this association needs special mention 
here. This microfacies is highly bioturbated and 
contains greater amount of glauconite which suggest 
an interval of very reduced deposition or non-
deposition during which the sediment was thoroughly 
burrowed and jumbled up. 
Facies Association 2 
This facies association comprises mainly poorly 
washed grainstones and their varieties, such as bryo-
zoan grainstone, intraclastic grainstone, brachiopod 
grainstone and silicified grainstone. 
The bedding types (flaser bedding, lenticular 
bedding, ripple bedding and cross-bedding) of grain-
stones indicate fluctuating water energy conditions. 
This is also reflected in the incomplete winnowing 
of micrite. The generally abraded and rounded nature 
of bioclasts indicates their breakage by wave action 
and transportation. Geopetal fillings and umbrella 
effects suggest infiltration of micrite after depo-
sition of lime sand. The appearance of intraclasts 
indicates shoaling as compared to the wackestones of 
the facies Association 1, which lack intraclasts. The 
fauna indicate shallow marine conditions of open 
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circulation and normal salinity. The special varie-
ties of poorly washed grainstones such as bryozoan 
variety with nearly 40 per cent bryozoans and brachio-
pod variety with 21 per cent brachiopods resemble 
standard microfacies 5. They appear to be a reef 
flank facies with bioclasts derived from adjacent 
reef or mounds. The concentration of bryozoan and 
brachiopods, geopetal fillings and umbrella effects 
are typical features of reef flank facies. 
Facies Association 3 
This lithological association is represented 
by only one microfacies, that is silicified ooidal 
bioclastic grainstone. In the field this microfacies 
show large scale cross bedding and forms the uppermost 
part of the Coralline Limestone in the Sukkur river 
section. The microfacies shows extensive replacement 
by silica but ooids can still be recognized and occur 
in abundance forming 23 per cent. The bioclasts are 
well sorted and well rounded. The presence of ooids 
and well sorted bioclasts and remnant patches of 
sparry calcite indicate high energy environment of 
deposition and complete winnowing of micrite. This 
microfacies resembles the standard microfacies 15 
and represents deposition on shoals, beaches and tidal 
bars . 
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DEPOSITIONAL MODEL 
A "Carbonate platform" type of depositional 
model emerges on synthesis of the field and laboratory 
data. The facies associations of the study area do 
not match with the Bahama type of platform. The 
studied depositional model resembles rather the 
Persian Gulf model, particularly that observed off 
the Qatar Peninsula. The sedimentation pattern of 
the Arabian Coast of the Gulf represents a carbonate 
platform attached to a continental hinterland. The 
paleogeographic picture and facies distribution of 
the interpreted platform appears to be simple and 
may be compared with the distribution of facies off 
the Qatar Peninsula (Bathurst, 1971). Here both 
micrite and terrigenous clay content of the sediments 
increases in the deeper water towards the Iraninan 
coast. The sediment is progressively richer in lime 
sand towards the Trucial coast where the shallow 
floor supports a relatively rich benthos. The sort-
ing and roundness of lime sand increases shoreward. 
A comparison with the modern carbonate sedi-
ments suggest that carbonate rocks of the study area 
were deposited on a carbonate ramp which was evolving 
into a platform. There was no striking break in 
slope of the ramp, that is the shelf margin was still 
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not well developed. However, small organic reefs 
and mounds formed on the ramp. 
Several types of carbonate platforms have 
been recognized on the basis of studies of both 
ancient and recent carbonate sediments and much 
apparent diversity is obtained in platform morpho-
logy (Kendall and Schlager, 1981; Read, 1982, 1984, 
Hine and Mullins, 1983; James and Mountjoy, 1983). 
However, these apparently contradictory terminology 
and defintions can be resolved into two basic types : 
(i) carbonate ramps, with gentle slopes leading from 
shallow water facies to deeper water low energy 
deposits and (ii) rimmed carbonate shelves with marked 
platform-to-basin transitions characterized by carbo-
nate slope environments (Ahr, 1973, Ginsburg and 
James, 1974, Wilson, 1975, Read, 1982, 1984, James 
and Mountjoy, 1983, Mullins et al., 1984). These 
basic types are modified generally as a result of 
drowning or emergence and carbonate ramps may evolve 
into rimmed shelves or vice-versa. The carbonate 
sequence of the study area belongs to a ramp which 
was evolving into a rimmed shelf during the Creta-
ceous transgression. However, this process could 
not be completed because of the subsequent regression 
which is evidenced by shoaling upward sequence 
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consisting of neritic wackestones overlain first 
by platform margin grainstones and finally by 
winnowed platform edge sands. The ramp was not 
highly differentiated with a reduced platform 
margin. 
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